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ABSTRACT An estimate is made of the minimum insulation re- 
quirements for 460 KV and 650 KV transmission systems. 
These requirements are to be duplicated as far as possible 
in the GE E.H.V. experimental system. Later data may 
modify the calculated values to some extent. 
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SUMMARY OF INSULATION RE UIREMENTS* 


NO PAGES TEXT 10 | | 
Voltage Levels 
NO CHARTS ae 115_KV 460 _ KV 650 KV 
178HA199, 181HA350 7 : 
ee TRANSMISSION LINE 
Line BIL | | 760 KV 1900 KV 2550 KV 
(Minimum 1.5 x 40 ps impulse withstand for , 
either polarity of clean insulators under 
poor atmospheric conditions.) 
Number of 5-3/4" string insulators 10 25 36 
PnolG NGS. Horizontal strike distance from vertical 20.6 IF 
string to tower steel. ) 92" 242" 353" 
Minimum Phase-to-Phase Spacings — ; 
coe oe H-Frame or Corset-Type Tower Spacing set by strike distance above. 
ee er ae ee eo Portal Type Tower abe Not Used aoe : 372" 
| 3 | Ground Wires = | two ground wires set for not more 
COMPLETE COPIES TITLE SHEETS i ar a hing angle Be ice 4 
: 7 phase-to-phase spacing to be teste 
Ji Hagenguth 9-202 L. Wetherill 42-322 ) (50 éautd Ga S@ital eeiae" 
TE Rodhouse 9-204 | | NE Dillow 16-307 | es ; | | : | 
JR Meador 16-3E | HC Stanley 16-200 Mid-Span Clearance to Ground 25-ft. 41 fés 49 ft, 
NE Dillow 16-307 ; : JR Meador 16-3E a | may : : 
AF Rohlfs 9-203 a | DD MacCarthy 43-568 SUBSTATION & TERMINAL EQUIPMENT 
PA Abetti 9~206 | JA Van Lund oi-101 | | | | | | : 
DD Davis 9-205 | : JH Hagenguth 9-202 Transformer BIL | 450 KV 1425 KV 1925 KV 
JJ LaForest 9-205 | _ Stanley Library @) (Use 550 KV BIL on output side of regulating transformer to allow for 30% voltage 
TW Liao 9~202 TF Volkmer - ROME, GA, Step-up. Also use 550 KV on low side of 650 KV auto-~transformer.) 3 : 
CB Lindh 9-205 WR Wilson - PHILA. | | 3 | | oo 
S. Minneci 9-205 IB Johnson - SCHDY, Circuit Breaker BIL : 450 KV 1425 KV 1925 KV 
VL. Cox : PHILA. WKS. CC Concordia~ SCHDY, | 
EM ‘Hunter/CA Woodrow SCHDY. WKS, EM Hunter - SCHDY. — I Station BIL to Ground | 550 KV 1550 KV 2175 KV 
IB Johnson SCHDY. WKS, WJ McLachlan- SCHDY,. (Withstand under poor atmospheric conditions) , 
FC Vose LOCKE WKS, (Baltimore) _ SB Crary - SCHDY. — : | . 
ME Scoville HUDSON FALLS | re | Station Strike Distances , : : i 
L. van den Honert 16-210 : : tee Air Gap to Ground : A i 131" 182" 
WJ Rudge 43-550 | : | | : ai ii ery 
Data Center, Gen. Engg. Lab. SCHDY. a _ Phase-to-Phase** 62" 196 272! 
JG Anderson, 9-205 | Air Disconnect Switch | 
Gap Spacing 48" 144" 200" 
Lightning Arrester Ratings | 
| Type (Station) H 3-K 3-K 
RMS Voltage Rating 97 KV 363 KV 313 KV 


* Note that these are probable minimum requirements. In some cases it may be desir- 
able to increase the insulation requirements where economically feasible. 

**Station phase-to-phase Spacings are based on minimum flashover requirements. The 
mechanical forces during short-circuit may make wider spacings desirable, 
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INTRODUCTION 
SNERUDUCTION Surge Voltage 


The insulation requirements for the GE Extra-High Voltage Project cannot be 
assessed accurately until extensive model data on switching surge magnitudes and 
lightning voltage magnitudes have been obtained. However, since it may be severa] 
months before these data are available, estimates of insulation levels must be 
prepared for preliminary design purposes. These levels are presented in this 
memorandum, | | | m% earn | 


The magnitude of lightning surge voltage on the line is directly related to the 
size and geometry of the towers and the nature of the tower footing resistances. 
Preliminary values are now being obtained from research on tower geometrical models. 
Since the proposed tewers are no higher than the AG&E 345 KV towers and insulated 
for either 460 KV or 650 KV, it does not appear likely that lightning surge flash- 
over will be a major problem if the line has sufficient switching surge and sixty- 
eycle strength, However, if a vertical circuit tower construction is adopted, or 
if an EHV line is run through rocky terrain (high footing resistance), the preven- 
tion of lightning outages would be difficult. — 7 : f 


There are two possible approaches toward setting the insulation levels for the 
GE Extra-High Voltage Project. One is to set the insulation strengths at values 
sufficient to withstand the stresses likely to be encountered during the progress 
of the tests. The other is to not only supply the test system with adequate strength 
for its own needs but also to increase this strength wherever necessary to duplicate — 
an actual operating system. The latter approach makes greater insulation demands, 
Since it requires insulation strengths of higher magnitudes to withstand long line 
switching and greater exposure to lightning. | | 


33 Lig 


= 


' The rating of the lightning arrester is determined by the ratios of positive 
Sequence impedances te zero sequence impedances at any faulted point of the line, 
This determines the increase of potential on unfaulted conductors which the lightning 

The second approach will be used in this estimate, keeping the objective in arrester may have to close off against. In these preliminary calculations, a 75% 
mind that the project results will be a prominent factor in the choice of insulation — on oe Seramed, based o8 approximate pepe eenee Cae culeeeene: bas oe pag 
which a utility may adopt for a 460 KV or 650 KV system. 7 : are to be supplemented by a.c. board analysis at a later date. : 

There are at present several characteristics of an extra-high voltage syste +. Insulation Breakdown Data 
that must be known for evaluation of insulation requirements. These are: | 


Insulation breakdown data are being obtained on long string insulators, pedestal 


1. Switchine Surees | | insulators, and other components. These data are not yet complete, so estimates can 
= , : _ be made only on the rough data available. 


The magnitudes of switching surges which will be produced on the system must be > 
predicted, These depend on the nature of the system, the quality of its breakers, 
and the system switching procedures. Until more precise data become available from — 
further research on both full-scale Systems and models, a maximum switching surge | 
magnitude of 2.8 X crest line-to-ground voltage will be used for both station and 
lines. This is consistent with. present practices of AG&E for breakers limited to 
only one restrike, Bellaschi States that switching surges of 2.5 X normal are 
seldom exceeded, and that at Bonneville 85% of the surges were less than 1.5 X 


normal. Thus the 2.8 X normal assumption contains a safety factor of about 12% over | F ; ; ; i | 
the 2.5 X normal value. However, it is somewhat low when compared with model test ; __ im Circuit No. 1, the switching voltages on the test line are held down by the 
data reported by I. B. Johnson J of as high as 3.2 X normal on lines of a 330 KV ae SP corel aes Src preduced By orererees rie eas — ae hey ee Breeeee 
System. With the advent of reduced system insulation, field data are now badly needed or by switching in the Western Mass. Electric System, In Circuit No. 2, the switching 
to verify these design values. It is probable that the lightning arresters on the Surges may be produced by the 460 KV air circuit breaker and are not limited by the - 
Evaline system will limit switching surge magnitudes to considerably less than 2.8 7 lightning arrester, This is the condition that would occasionally be encountered in 
X normal because of the short length of line used, - | ke io an actual 460 KV system. It requires increased line insulation and increased circuit 

| : | ? | | breaker insulation. These increased insulation requirements should be complied with 

| on the experimental line. Similar comments apply to Circuits No. 3 and No. 4 

respectively. No attempt is made to analyze the effects of interruption of capaci- 


5; 


S stem Circuits 


Fig. 1 shows the circuits which were studied for these calculations. All light- 
ning arresters for the 460 and 650 KV lines are the GE 3-K Arrester not yet in proe- 
duction. The circulating current circuit for the years 1961-62 is not included, 
Since more accurate data on the voltages to be expected in this system should be 
available later in the year. © aie | | ae 


(1) P. L. Bellaschi, 


Sunes “Electrical Clearances for Transmission Design at the Higher tance charging current with simple disconnect switches, Consultation with Pittsfield 
Voltages, AIEE Trans., Vol. 73, Part III-B, Oct. 1954, pp. sume 1200. | . people has resuited in the opinion that trying to interrupt the line charging current 


with disconnect switches at either 460 KV or 650 KV is far beyond our present ex- 


4 


(2) I. B. Johnson, “Switching Surges and Arrester Performance on High Voltage perience and might result in equipment damage. 


Systems," CIGRE, Paper 306, 1958. 
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LINE INSULATION 
FIC. 1 : | | | | 
Figure 2 shows the preliminary results of critical wet switching surge and im- 
pulse strengths of long insulator strings up to forty-two 5-3/4" units. These tests 
are still in progress. The number of insulator units required to withstand a 2.8 x 
normal switching surge is computed in Table 1. Note that these calculations were . 
Circuit No. 1 | based on only the 12% safety factor inherent in the assumption of 2,8 x normal swite 
Pg Her RENTTO TIRING | ing surge magnitude plus one insulator for breakage. This may appear as a drastic 
ai -— cut in the margin of safety. However, that this will produce a sufficient insulation 
_ level can be seen from Fig. 3 which plots the number of equivalent 5-3/4" insulators 
against system KV for a number of EHV systems. The number of insulators calculated 
in Table 1 falls within the expected range for 460 KV and 650 KV systems. The dif- 
ference in safety factors is resolved when it is recalled that although many methods 
Of line calculation use much higher safety factors, they allow only 10% for the dif. 
ference between impulse and switching surge strength and another’ 10% for non-standard 
; | atmospheric conditions. This is a 20% reduction below the impulse strength, whereas 
whe iE : _. Fig. 2 shows an actual reduction of about 40%. 


© 50 : 


Regulator = Auto. 650/136 KV ee an oe ee ie 
110 KV ; 40 MVA _. In this preliminary estimate, very meager data are available on switching surge 
i! , flashover to’ tower. These data consist of just two test points where flashover from 
a string insulator to an equivalent adjacent tower occurred. Based on these data, © 


110 KV Reg. 


DS. Test Line (460 KV) 


L110 KV 


‘TOWER CLEARANCES & PHASE-TO-PHASE SPACINGS 
La oe er 


Table 3 has been prepared. | 


The phase-to-phase spacings are based primarily on the minimum strike to the 
tower steel for a corset-type tower, and on the Thomas formula (AIEE Trans., 1928) 
for a portal tower with no steel between phases, — al | 


Circuit No. 2 


The tower clearances as specified are for equal probability of flashover over th 
insulator and through the air gap when the insulator is swung in toward the tower at 
an angle of 30 degrees during bad weather. If, for mechanical reasons, it is prefer- 

sia mapa able for the insulator to arc over rather than to have horizontal flashover to thé 
ACB Test Line - tower steel (similar to AG&E practice), additional distances must be used to satisfy 


460 KY this requirement. : 


Lik. STATION INSULATION 

The calculation of the minimum station insulation is given in Table 2. These 
calculations are based on the probable performance of the new GE 3-K arrester on 
460 KV and 650 KV systems, and on the use of a Form H station-type arrester on the 
115 KV circuits. All station insulation is anchored on the selection of the trans- 
former BIL first, and on the assumption of the use of 75% arresters at 460 KV and 
650 KV, and an 80%, arrester on the 115 KV low side. No arresters are to be used be- 
tween the regulator and auto-transformer of Fig. 1. 


aay 


Circuit No. 3 


: : . . 
The station insulation to ground is chosen higher than the transformer insulation} 
Same as Circuit No. 1, except test line is at 650 KV. | _ according to standard procedures. Phase-to-phase spacings are set 1.5 times the 
: phase to ground spacings, but have not been checked in terms of short circuit forces | 
because the phase supports have not yet been selected by the substation designer. It 
must be recognized that these are minimum values, and since station bus insulation is ~ 
relatively cheap, the use of higher values may be possible without greatly increased 
cost or because of radio noise considerations. For example, Western Massachusetts ( 
- : Electrtc Company has suggested the following spacings for the 115 KV substation cies 


Same as Circuit No. 2, except test line is at 650 KV. Coordinating Gap: 34.5! 
- Strike to Ground: 44". 
Phase~to-Phase Spacing: 66" 


Circuit No. 4 
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TABLE I 


ae String Insulator Calculations* 
"| Peak unfaulted|X 2.6 |X 1.1 for [Resulting [Additional Total |Total** Estimated 
| lime to ground |Switching|difference jnumber of ; Units | Number | Length | RMS 
System voltage with {Surge — between > 5-3/4" Added log | of |Wet Withstand] BIL 
KV | 5% over-= Magnitude |withstand lunits from) for | 5=3/4"| Insulator: Strength 


jand critical |Fig. 2 
___.|flashover 


excitation, KV 


Breakage | Units |String 


< 


460 | 1215 ! 


08 


1105 44" | 855 1900 


650 ~ (> 1560. 94-1727 207" =| 1150 2550 


*Strengths of clean insulators. In contaminated regions, additional insulation should be added. 


**Total length of insulator, excluding hardware. : | ° 
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TABLE 3 


Tower Clearances & Phase-to-Phase Spacings 


Peak unfaulted X 2.8 #X 1.21 for ~ “Gap. ® | 2 Re ek 
line to ground Switching critical vs Equivalent Distance Adding | Minimum Phase-toe- 
voltage with Surge © withstand Gap for 30 Additional §$Phase- Phase 
5% overe- Magnitude and non- Distance Swing Distance — to- Spacing 
excitation, KV. KV © standard Inches | Angle Requirements Phase Inches 
| : | | conditions Inches (see below) Spacing 
ee ree inches ____Inches. 


* Adding one foot for hardware and one foot for hot line maintenance. 


**#-Thése- are merely coligh euitmacad: based on portal type towers with no steel between phases. 
= made PyoeEs s. ee from a mechanical —— | 


ek*k Estimated for a 1 corset-type Sever eith stasl beruece phases. 


